One of the most exciting methodological advances for brain research field arises in functional brain imaging, which enables us to localize and characterize neural activity and biochemical events in the living human brain. Recently developed event-related functional MRI makes it possible to visualize the brain activity associated with cognitive processes with the temporal resolution of the hemodynamic response. In addition, the high sensitivity and selectivity of positron-emission tomography allow us to probe the neurochemical processes at the molecular level. Positron-emission tomography also has been applied to investigate the effects of therapeutic drugs as well as the effects of drugs of abuse. Functional brain imaging techniques have seen significant advances over the past 10 years. These techniques allow the possibility of identifying functional anatomy of cognitive processes (knowing where), characterizing temporal correlation of brain activity and behavior (knowing when), and examining regional changes of physiological and biochemical processes (knowing what). Among various imaging modalities, functional MRI (fMRI) and positron-emission tomography (PET) have enjoyed the most technical advancement.
Functional brain imaging techniques have seen significant advances over the past 10 years. These techniques allow the possibility of identifying functional anatomy of cognitive processes (knowing where), characterizing temporal correlation of brain activity and behavior (knowing when), and examining regional changes of physiological and biochemical processes (knowing what). Among various imaging modalities, functional MRI (fMRI) and positron-emission tomography (PET) have enjoyed the most technical advancement.
fMRI measures oxygenation-level-dependent changes of the blood that correlate with neuronal activity. Previous fMRI studies mainly used blocked-design procedures to obtain sufficient signal-to-noise ratios. These procedures, although allowing for spatially accurate mapping of brain functions, cannot separate trials within the task blocks and do not take full advantage of the high temporal resolution of fMRI.
Recently, thanks to the advancement of fast imaging techniques and a refined understanding of relationship between neuronal activity and associated cerebrovascular hemodynamics, a new method-event-related fMRI procedure-has been developed. It is significant because this procedure allows for selective averaging of individual trials in mixed task paradigms, thus providing a fundamentally new way to explore brain function with paradigms similar to those used in the traditional behavioral and electrophysiological studies (1) . Event-related fMRI has quickly led to a number of applications in cognitive neuroscience. The following examples come out of the field of memory research.
Two groups recently explored the same interesting question with event-related fMRI: i.e., whether neural activity in certain brain regions can predict subsequent actual or perceived memory performance. Subjects saw a set of pictures (2) or words (3) during the scanning. They were later given a test of memory for each item. By direct trial-by-trial comparison, both Brewer et al. (2) and Wagner et al. (3) found that activation in prefrontal and parahippocampal regions elicited by well remembered items was greater than that elicited by weakly remembered or forgotten items (Fig. 1 ). These findings illustrated the potential of event-related fMRI technique in the study of cognition.
The ability of event-related fMRI to selectively average individual trials allowed Buckner et al. (4) to sort trial types based on subject's performance during a yes͞no recognition task. Significant activation was found in right anterior prefrontal cortex for both ''correct recognition'' and ''correct rejection'' trials. The finding challenged the hypothesis that this area might be involved in process of retrieval success. Another finding of this study was that right anterior prefrontal area showed later onset and more sustained duration relative to other brain regions.
Analysis of the time-course of activation in each brain region helps to delineate different roles of these regions, as shown by Courtney et al. (5) in a study of working memory. Previous blocked-design studies have established that face working memory tasks activated several discrete brain areas. With event-related fMRI and multiple regression analysis, Courtney et al. (5) were able to decompose activation into three different components. Although early extrastriate visual cortex showed transient, nonselective response to all kinds of visual stimuli, later visual cortex in the ventral temporal region demonstrated transient, selective response to faces. However, in prefrontal regions, all identified areas showed greater levels of sustained activity over memory delays. These results suggested that visual areas primarily contribute to perceptual and encoding operations whereas prefrontal regions are mainly responsible for maintenance of the representation during working memory.
PET is a sensitive imaging method that uses radiotracers labeled with short-lived positron emitting isotopes to track chemical transformations in the living system (6). It measures radioisotope concentrations in the nanomolar-picomolar range. Another unique feature of PET is its biochemical selectivity, in that specific radiotracers can be designed that bind selectively to the molecular targets, such as receptors, transporters, or enzymes that are involved in the synthesis or metabolism of neurotransmitters. PET thus has been extensively used for biochemical and pharmacological imaging of the human brain, although it also has been widely used to identify anatomical correlates of cognitive process (7) .
The study of drug pharmacokinetics (using a positron emitter-labeled drug) and drug pharmacodynamics (using a labeled tracer) is illustrated by two examples: studies comparing the two enantiomers of methylphenidate (MP) (Ritalin), a psychostimulant drug that is marketed as a racemic mixture; and studies that measure the efficacy of cocaine for blockade of the dopamine transporter.
Comparative studies of enantiomerically pure [ (Fig. 2) . Previous studies have indicated that two enantiomers of MP cause different behavioral responses in patients, but these PET studies for the first time visually established where the drug acts in the human brain. These PET studies along with microdialysis studies strongly indicate that pharmacological specificity of MP resides entirely in the d-threo isomer, supporting the further evaluation of using a single enantiomer (d-threo-MP) instead of racemic MP as the commercial drug form. They also demonstrate that PET imaging is an ideal way to examine the behavior of a chiral drug in the human brain and is a valuable tool in drug development.
Like methylphenidate, cocaine also inhibits the dopamine transporter. The development of drugs that block the dopamine transporter is under investigation for the treatment of cocaine abuse. To explore the relationship between dopamine transporter occupancy and the ''high'' produced from a behaviorally active dose of cocaine, the degree of dopamine transporter occupancy by a dose of cocaine commonly used by the cocaine abuser was measured (10) . The mean subjective high was measured throughout the study, and the percent occupancy of the dopamine transporter was measured by comparing the baseline (placebo) scan with that where cocaine was co-administered. From this study, the minimum level of dopamine transporter occupancy required for cocaine to be perceived as reinforcing was Ͼ50%, and the high was determined to track the kinetics of the drug in the brain. Interestingly, even a 0.05-mg͞kg dose of cocaine (which subjects did not distinguish from placebo) occupied 40% of the dopamine transporters. The ability to measure dopamine transporter occupancy should be a powerful tool in assessing the extent to which transporter occupancy is associated with the druginduced high and also in evaluating the efficacy of dopamine transporter-blocking drugs for preventing the high in the treatment of cocaine addiction (11) .
In addition to PET and fMRI, there are a number of other kinds of brain imaging techniques, each with distinctive advantages and limitations. As mentioned above, PET has very high biochemical sensitivity and selectivity whereas its temporal and spatial resolution remains to be improved. In contrast, fMRI has better temporal and spatial resolution, although its biochemical sensitivity and selectivity is not as good as PET. The temporal resolution of optical imaging is even better than that of fMRI, but it is limited to the cortical surface and is difficult to widely apply to the human brain. The current challenge, thus, is to integrate these techniques to overcome the limitations. One example is to map precise spatiotemporal orchestration of the human brain activity with the combination of fMRI and magnetoencephalography. Magnetoencephalography measures brain activity on the temporal scale of millisecond. The next years will continue to see such and other technical developments. Perhaps the most challenging task in the future, however, is not the progression of technology per se but, rather, the development of new and better insight into the brain itself.
